well as changes in mobility, have only been inferred from indirect measurements.
Introduction bine this method with quantitative fluorescence imaging (Turney et al., 1996) to assay AChR mobility at muscle Changes in the efficacy of synaptic transmission underfibers at functioning adult synapses. Surprisingly, we lie many types of experience-dependent neural plasticfound that the well-known macroscopic stability of the ity, almost certainly including some forms of learning. postsynaptic membrane conceals a remarkable dynaOne conceptually simple way to regulate efficacy is by mism of individual AChRs. For example, there is a conchanging the number of neurotransmitter receptors in tinual exchange of AChRs between synaptic and extrathe postsynaptic membrane, so that a constant amount synaptic regions of the muscle fiber surface, and of released neurotransmitter exerts an altered effect on individual synaptic AChRs remain immobile for Ͻ8 hr. signaling in the postsynaptic cell. Indeed, several cases These data provide a direct measurement of receptor have been described in which such changes occur rapmobility at a synapse. etons. This complex is critical for muscle stability gener-1976; Jacob and Berg, 1987) , and in some pathological ally, as shown by the findings that mutations of several conditions such as myasthenia gravis (Engel and Fuma-DGC components (for example, dystrophin, ␣-sarcoglygalli, 1982). In order to better elucidate how receptor cans, ␣-dystrobrevin, and ␣2-laminin) lead to muscunumber changes, it is useful to learn the paths that lar dystrophies in humans and experimental animals receptors take to and from the postsynaptic membrane, (Straub and Campbell, 1997). We and others have used the rates at which they enter and exit, and the mechaa molecular genetic approach to show that this complex nisms that regulate these movements. However, in no is also critically involved in maturation and maintenance case has it been possible to assess receptor mobility of the postsynaptic membrane at the neuromuscular at a functioning synapse in vivo, so mobility itself, as junction (Grady et al., 1997a (Grady et al., , 1997b of DGC components, we show here that ␣-dystrobrevin The photo-unbinding was dependent on absorbance plays a key role in restricting AChR mobility and limiting of laser illumination: a 594 nm HeNe laser could photoAChR turnover. Moreover, the parallel effects of the dysunbind Alexa 594-␣-btx but not Alexa 488-␣-btx trobrevin mutation on the mobility of individual AChRs whereas a 488 nm Argon laser could dissociate both and the overall AChR turnover rate suggest that mobility ligands as expected from the absorbance curves of is a major determinant of receptor lifetime. these two fluorophores. Consistent with the requirement for light absorption was the finding that junctions satuResults rated with nonfluorescent ␣-btx (and thus not visible postsynaptically) did not show any evidence of photoPhoto-Unbinding of Fluorescent unbinding after laser illumination with a variety of visible Ligand-Receptor Complexes wavelengths.
Evidence for photo-unbinding of fluorescently tagged
To calculate the amount of unbinding induced by laser ␣-bungarotoxin (␣-btx) from AChRs comes from the folillumination, we reapplied the same fluorescently tagged lowing experiment. AChRs at neuromuscular junctions ␣-btx before and after photo-unbinding and measured in the sternomastoid muscle of living adult mice were the amount of recovery with a quantitative fluorescence saturated with Alexa 488-tagged ␣-btx. Ordinarily, fluoassay (Turney et al., 1996) . Following saturation of the rescently tagged ␣-btx (including Alexa 488-tagged mouse neuromuscular junction with fluorescently tagged ␣-btx) binds so tightly to AChRs that the fluorescence ␣-btx, 11% (Ϯ1.1 SD) of the fluorescence intensity was loss rate (t 1/2 ϭ 9-14 days) is dominated by receptor recoverable after laser illumination by relabeling. Preturnover rather than unbinding (Akaaboune et al., 1999).
sumably the nonrecoverable loss of fluorescence was exWithin a junction, a small region of Alexa 488 ␣-btxplained by fluorescently tagged ␣-btx that was bleached labeled AChRs was illuminated for 100 ms with a laser by the laser and either not unbound from AChRs or beam (Argon, 488 nm, 1-2 mW focused to a Ͻ5 m quickly rebound. Photo-unbinding did not require that spot) to cause rapid loss of all fluorescence from that the AChR be in its natural state as fluorescently tagged spot. This laser power is within the range or below the ␣-btx could also be reversibly dissociated from aldepower used in a variety of FRAP experiments (Stya and hyde-fixed AChRs. The unbinding also did not require Axelrod, 1983, 1984). The conventional explanation for absorbance by multiple fluorophores bound to the li-FRAP is that excitation of the fluorophore bleaches it in gand because mono-substituted TMR-␣-btx was also situ and that recovery is due to the migration of nonphoto-unbound from AChRs. bleached fluorescently tagged molecules into the region where fluorescence was removed. At these laser illumiUnbinding of Ligand Is Nonlinearly Related nated spots, some recovery of fluorescence (4.5% Ϯ to the Light Intensity 1.5% of the original intensity) occurred within several
We compared the effect of light of varying intensities. seconds. Surprisingly, however, this recovery was neiLaser illumination was attenuated with neutral density ther due to rapid AChR mobility in the membrane nor filters while the duration of the light exposure was inreversible photo-bleaching (Stout and Axelrod, 1995) creased proportionally to keep the total dose of light because it was entirely inhibited by application of a the same. We found that brief exposures to high light high dose of nonfluorescent ␣-btx at the time of laser intensities were more effective at causing photoillumination. This recovery was also not explained by unbinding than the same number of photons distributed binding of residual Alexa 488-tagged ␣-btx left in soluover a longer illumination period (Figure 2) . In all cases, tion, because immediate fluorescence recovery was the duration of exposure was sufficient to cause the also observed at junctions in living mice that were laser fluorescence to disappear from the illuminated spots. illuminated 10 days after being labeled with fluorescently Thus whereas all intensities cause bleaching, only high tagged ␣-btx, at a time when all residual fluorescent light intensities cause photo-unbinding. ␣-btx has been cleared from the animal. These results Evidence for the requirement of high intensity light for indicate that light not only can bleach but also unbind photo-unbinding could be found at the margins of each at least some fluorescently tagged ␣-btx, and that dislaser spot where the exciting light was lower intensity. placed fluorescent toxin is able to re-bind to AChRs.
When a second fluorescent bungarotoxin was added, This conclusion was verified by sequentially applying there was a dark line between differently colored labeled saturating doses (5 g/ml, for 60 min) of ␣-btx labeled regions, indicating that at the boundary, fluorescent with different fluorophores to the same NMJ before and ␣-btx had been bleached but not unbound (Figures 1H after laser illumination. As shown in Figures 1A-1E , and 2E). The nonlinear effects of light intensity on photoAlexa 488-tagged ␣-btx (green) could be selectively reunbinding suggest cooperativity between photons and placed either by tetramethylrhodamine (TMR) ␣-btx (red) perhaps that absorption of multiple photons by a fluoroor by Alexa 594-tagged ␣-btx (displayed as blue) phore is required for unbinding. allowing the same NMJ to be labeled with three different fluorophores at nearby sites. In addition, the same rePhoto-Unbinding of Fluorescently Tagged ␣-btx ceptors could undergo multiple unbinding and rebinding Restores AChR Function cycles (Figures 1F-1J ). Neither the unbinding nor the The photo-unbinding phenomenon suggested the interrebinding was dependent on which particular fluoroesting possibility that ␣-btx-blocked AChRs at the site phore-tagged ␣-btx was used or what order they were of laser illumination could be selectively unblocked, esapplied. Texas red, Alexa 488, Alexa 594, TMR, and sentially photo uncaged. To examine this question, we FITC-tagged ␣-btx were all capable of reversible photounbinding from the AChR at the neuromuscular junction.
labeled a portion of the AChRs at superficial junctions in diaphragm muscle with fluorescently tagged ␣-btx identical in both cases, and corresponded to that reported previously (Akaaboune et al., 1999). These turnand then used curare to bring the synaptic potentials throughout the muscle below threshold (and prevent over results, along with the physiological assay described above, indicate that photo-unbound AChRs are muscle twitching). Under direct visual control, we impaled a muscle fiber with a microelectrode in the vicinity physiologically and metabolically indistinguishable from AChRs that do not undergo photo-unbinding. of a labeled junction and stimulated the phrenic nerve. We compared the amplitude of synaptic potentials before, during, and after laser illumination of the AChRs Migration of Extrasynaptic AChRs to Synaptic Sites ( Figure 3A) . Laser illumination caused a rapid increase in the amplitude of the synaptic potential, indicating Based on these results, we used fluorescence recovery after laser illumination to study the migration of synaptic restoration of some AChR function by unbinding of ␣-btx. In addition, this result shows that photo-unbind-(junctional) and extrasynaptic AChRs in adult mice. First, we asked whether AChRs that are initially extrasynaptic ing of ␣-btx can occur without damaging the previously blocked AChRs.
can migrate into the synapse. To this end, we labeled both synaptic and extrasynaptic AChRs by applying fluAs a second test of whether photo-unbinding affected AChR behavior, we compared the junctional lifetimes of orescently tagged ␣-btx to the sternomastoid muscle of a living adult mouse. We applied a subsaturating ␣-btx-labeled AChRs with those of AChRs that had been relabeled following initial labeling and photo-unbinding. dose (1 g/ml for 1-2 min) so that synaptic transmission remained functional. We then used laser illumination to Junctions were imaged at multiple times following labeling or relabeling AChRs with a saturating dose of ␣-btx.
selectively remove the fluorescence from all the synaptically localized AChRs. In this way, only the extrasynaptic AChR density was calculated as described by Turney et al. (1996) , and these values were used to determine AChRs remained fluorescently labeled. Over the next 2 days, such junctions gradually gained back ‫%8ف‬ of their turnover rates as described by Akaaboune et al. (1999) . As shown in Figure 3B , the loss rate of AChRs was original fluorescence intensity (after correction for im- In an excised diaphragm muscle, AChRs were partially labeled with TMR-␣-btx (15%-30% of total AChRs). (A) A sharp glass microelectrode filled with KCl and a fluorescent marker was used to impale a muscle fiber near its junction (inset, Scale bar, 20 m). Curare was added at a low concentration to the bath (10 Ϫ9 M) to prevent muscle twitching (but not completely block synaptic transmission). The synaptic response to phrenic nerve stimulation (at arrow) was tested before and after laser illumination of the junction to remove the TMR-␣-btx. For each synapse tested (n ϭ 5), the amplitude of the synaptic potential was potentiated after the illumination. This result shows that photo-unbinding of ␣-btx allows AChRs to once again respond to ACh and therefore does not disrupt AChR function. (B) The loss of AChRs that were relabeled after photo-unbinding was not different from the loss of ␣-btxlabeled AChRs at non-illuminated junctions in living mice. Ten control TMR-␣-btx-labeled neuromuscular junctions (boxes) were compared to ten junctions in which a laser was used to remove all fluorescence and then they were relabeled with a second dose of TMR-␣-BTX (circles). The junctions were viewed at the time of labeling and 3 days later. In both cases, ‫%56ف‬ of the labeled receptors were lost. This is the expected result given the fact that the AChRs were saturated with ␣-btx at the time of labeling (Akaaboune et al., 1999). Thus turnover of AChRs was not affected by laser illumination or photo-unbinding. ery appeared uniform across the entire junction, sugwere interested to know whether the two populations had different lifetimes in the membrane. We estimated gesting that extrasynaptic AChRs have relatively rapid access to regions of the synapse that are not immedithe lifetime of extrasynaptic and synaptic AChRs based on the following data: (1) ‫%8ف‬ of AChRs at normal synately juxtaposed to the junctional periphery.
The perisynaptic membrane seemed likely to be a apses are lost per day (Akaaboune et al., 1999); (2) 1 day after selectively labeling the extrasynaptic pool, 10% major source of the extrasynaptic AChRs that migrate into the synapse: it is not only directly adjacent to the (Ϯ 2.7%) of the amount of synaptic fluorescence recovered due to migration of extrasynaptic AChRs and immeneuromuscular junction but is thought to bear a higher density of AChRs than extrasynaptic areas distant from diate photo-induced rebinding; (3) 2 days after selectively labeling the extrasynaptic pool, the synaptic the junction (Salpeter et al., 1988) . To see if the recovery was due preferentially to migration of AChRs into the region's intensity was now 12.4% (Ϯ 3.4%). Given that the recovery was 10% on the first day and junctions synapse from the immediate perisynaptic region, we compared the amount of recovery between junctions in lose ‫%8ف‬ of their fluorescence intensity each day, we calculate that an additional 3.2% of previously labeled which all of the extrasynaptic AChRs were labeled and junctions in which many of the perisynaptic AChRs were nonsynaptic AChRs migrated to the junction between day 1 and day 2 (12.4 Ϫ [10 Ϫ (.08 ϫ 10)]). If we assume unlabeled by laser illumination. One day after labeling all the extrasynaptic AChRs and selectively removing that the number of labeled extrasynaptic AChRs that accumulate at the synapse is related to the concentralabel from the junctional AChRs, 10% (Ϯ2.7%, n ϭ 14) of the original junctional fluorescence returned. However, tion of extrasynaptic AChRs, the change in recovery from 5.9% (10%-4.1%, see above) on day 1 to 3.2% on because of the reversible unbinding of fluorescently tagged ␣-btx that was described earlier, it was necesday 2 allows us to estimate the loss rate of extrasynaptic AChRs as 47% per day (1Ϫ {3.2 Ϭ 6}). Thus, these AChRs sary to correct for the recovery due to immediate rebinding of some photo-unbound toxin by subtracting the have a half-life of ‫1ف‬ day. Because synaptically localized receptors are lost at a rate of ‫%8ف‬ of the total/day percentage of immediately recovered fluorescence from the total recovery. We found that 4.5% of the lost fluoresdespite the addition of extrasynaptic AChRs (5.9% per day), we estimate the half-life of synaptic AChRs is less cence immediately rebound and we calculate that 4.1% of these rebound AChRs should still be present 1 day than 5 days (8 ϩ 5.9 ϭ 13.9% per day ϭ a half-life of 4.7 days). This rate is approximately two times faster later due to the 8% loss of AChRs per day. Thus, actual recovery was 5.9% (10 Ϫ 4.1) Ϯ 1.6% at 24 hr. In conthan previous estimates that had ignored migration of AChRs from the extrasynaptic pool but still substantially trast, when a fraction of the perisynaptic region was also laser illuminated (the perisynaptic region running slower than the loss rate of extrasynaptic AChRs. In summary, based on the photo-unbinding and bleachfor ‫001ف‬ m along the length of the muscle away from the synapse) to get rid of many fluorescently tagged ing results described above, we calculate that each day 5.9% of the synaptic AChR population is contributed by AChRs in the immediate vicinity of the synapse, the recovery was significantly reduced from 5.9% to 3.1% the extrasynaptic pool of AChRs. At least half of these extrasynaptic AChRs derive from the membrane in the (Ϯ 0.76%, p Ͻ .0001, nϭ15), after correction for immediate rebinding (7.2% Ϫ 4.1%). Thus at least half of the immediate proximity to the junction. These extrasynaptic AChRs have a substantially shorter half-life than synrecovery was due to the migration of AChRs that were located within 100 m of the junction.
aptic AChRs (1 day versus 4.7 days). The dynamics of the recovery process (see Figure 4) imply that extrasynaptic Because these data suggest that extrasynaptic AChRs play a role in maintaining synaptic AChR density, we AChRs remain in the nonsynaptic pool only briefly. Timelapse Imaging of Synaptic AChRs aptic pool, we labeled all the AChRs (synaptic and extrasynaptic) with a saturating dose of Alexa 488 ␣-btx Having found that initially extrasynaptic AChRs can migrate into synaptic sites, we wanted to examine the (green) and then selectively unbound and relabeled a small region within a junction with TMR-␣-btx (red). We possibility that synaptic AChRs were also capable of migration. To assay the mobility of synaptic AChRs withthen monitored the mobility of the red-labeled synaptic AChRs over time ( Figure 5A ). Over several days, the redout contamination from mobile AChRs in the extrasyn-labeled AChRs spread from their initial region into the AChR Dynamics in Mice Lacking ␣-Dystrobrevin We showed previously that the postsynaptic membrane rest of the junction (that had green-labeled AChRs). The of the neuromuscular junction forms normally but fails spread of fluorescence was not due to spontaneous to mature properly in the absence of ␣-dystrobrevin unbinding and rebinding of ␣-btx because label did not (Grady et al., 2000) . In particular, AChRs form small, spread even after many months in muscles that were high-density aggregates scattered within the branches labeled and kept at physiological temperatures after of a junction, and are present both at the crests and they had been fixed and washed. Thus, the spread inditroughs of junction folds; in contrast, AChRs in normal cates that receptors in one part of a synapse can move muscles are evenly distributed and largely restricted to gradually into other parts. Over 4 days, we found that the crests of folds. Moreover, dispersal of AChR aggrereceptors migrate over the entire extent of a neuromusgates following withdrawal of a clustering agent (agrin) cular junction. from cultured myotubes is more rapid in the absence The mixing of the red synaptic AChRs with green of ␣-dystrobrevin than in its presence. These results AChRs from adjacent regions of the synapse occurred raised the possibility that ␣-dystrobrevin regulates the first at the red/green AChR boundary, and then over turnover or mobility of AChRs in vivo. several days red-labeled AChR were observed in more When imaged in vivo, neuromuscular junctions from distant regions implying that receptor diffusion occurs ␣-dystrobrevin Ϫ/Ϫ mice displayed a granular appeardirectly from one region of the synapse to another (Figance with 
branches. When such AChR islands were laser illumi-
However, the use of quantitative methods showed that nated to remove fluorescence, recovery was of greater synapses bear fewer AChRs in the absence of ␣-dystromagnitude than when entire junctions were illuminated brevin than in its presence (total number of AChRs at to remove fluorescence (mean ϭ 11.7% Ϯ 3.2% for spot the junctions of ␣-dystrobrevin Ϫ/Ϫ animals is 27% Ϯ versus 5.9% Ϯ1.6% for whole junction; Figure 5C , com- We tested four possible mechanisms by which loss same color. The increased loss of labeled AChRs from of ␣-dystrobrevin might have accelerated AChR loss small spots was presumably explained by the fact that, rate indirectly. First, because ␣-dystrobrevin Ϫ/Ϫ synas red-labeled AChRs migrated away from the illumiapses bear fewer AChRs than controls, it was possible nated site, there were few red-labeled receptors to rethat the ␣-btx that was applied blocked postsynaptic plenish them. The significance of this result is that it responses more strongly and for a longer duration in provided a means to calculate the time an AChR remains mutants than in controls. Because blockade of activity tethered to its junctional site. In particular, as we proincreases loss (Akaaboune et al., 1999), the apparent duced labeled spots of progressively smaller area, the effect of ␣-dystrobrevin on AChR loss might have acturate of disappearance of AChRs from these labeled sites ally been due to prolonged paralysis. However, the difincreased ( Figure 5D ). By extrapolating this trend to an ference in AChR loss between controls and mutants was infinitesimally small spot (i.e., the equivalent of one evident even when synapses were labeled with a very AChR molecule), we calculate a half-life of about 8 hr.
5.6%, n ϭ 45 of that in age-matched controls). The pare to Figure 4). It seems likely that the recovery in magnitude of this decrease was not explained by the AChR islands is due to movement of labeled synaptic overall area of mutant synapses, which was 94% that of
low subsaturating dose (Ͻ15%) that was probably too Thus, synaptic receptors are fixed at one synaptic site weak to block activity even in the ␣-dystrobrevin Ϫ/Ϫ mice for substantially less than a day. Based on a half-life of ( Figure 6D ). Therefore, whereas wild-type neuromuscu-8 hr, we estimate that almost 86% of synaptic receptors lar junctions that are active lose approximately 8% of migrate either to other synaptic regions or into the periAChRs per day, synapses in the ␣-dystrobrevin Ϫ/Ϫ mice lose ‫%12ف‬ of the junctional AChRs per day. This accelsynaptic membrane each day. ., 1996 ) specific for the ⑀ and ␥ subunits of the AChR were used to determine if synapses from ␣-dystrobrevin Ϫ/Ϫ mice lacked the mature (⑀) subunit and/or had increased amounts of the embryonic (␥) subunit. Cross-sections of muscles were scanned for synaptic sites by the presence of rhodamine ␣-btx (arrows, labeling not shown). These sections were labeled immunofluorescently for the presence of either ␥ or ⑀ subunits using fluorescein-conjugated secondary antibodies. ␣-dystrobrevin Ϫ/Ϫ (G) and adult wild-type (H) neuromuscular junctions both showed ⑀ but not ␥ labeling whereas junctions from a P0 wild-type muscle (F), as expected, showed ␥ but not ⑀ labeling. erated loss rate is equivalent to a half-life of 3 days log of dystrophin, which is concentrated at synaptic sites in close association with AChRs. Although utrophin-defi-(compared to 9-14 days in wild-type animals).
Second, because ␣-dystrobrevin Ϫ/Ϫ mice have a mild cient junctions bear 30%-40% fewer AChRs than do controls (Grady et al., 1997a), we found no effect of muscular dystrophy (Grady et al., 1999) , it was possible that increased turnover was a secondary consequence utrophin deficiency on AChR loss ( Figure 6E ). Moreover, turnover was no faster in mice lacking both utrophin of muscle damage or regeneration. However, the loss of AChRs in mice which lack dystrophin, mdx, and show and ␣-dystrobrevin or both dystrophin and ␣-dystrobrevin than in mice lacking only ␣-dystrobrevin ( In ␣-dystobrevin Ϫ/Ϫ and wild-type adult muscle, photo-unbinding was used to selectively unbind Alexa 488 ␣-btx (green) from small spots of junctional AChRs and permitted these sites to be selectively labeled with Alexa 594 ␣-btx (red). The junctions labeled in this way were viewed in vivo at the time of labeling and 9 hr later. In the ␣-dystrobrevin Ϫ/Ϫ mice, the red-labeled AChRs rapidly spread so that by 9 hr they were found to occupy all of the adjacent branches. In contrast, the wild-type junctions showed little migration over 9 hr and only occupied distant regions several days later (see Figure 5 ). secondary consequence. In particular, AChRs in fetal control junctions and the net amount of recovery drops and denervated muscles contain a ␥ subunit (subunit to 13% when the decreased number of AChRs in the composition ␣2␤␥␦), and these AChRs turn over at a mutant (27%) is taken into account. In summary, the faster rate than the AChRs at adult synapses, which increased movement of synaptic AChRs away from syncontain an epsilon subunit (␣2␤⑀␦) (see Sanes and Lichtapses in ␣-dystrobrevin Ϫ/Ϫ animals together with the man, 1999, 2001 for reviews). However, staining with decreased net movement of AChRs from extrasynaptic subunit-specific antibodies (Missias et al., 1996) showed to synaptic areas argues that ␣-dystrobrevin is necesthat AChRs at ␣-dystrobrevin-deficient junctions in adult sary for tight tethering of AChRs at synapses. mice contained epsilon but not ␥ subunits as is the case in wild-type mice (Figures 6F-6H) the ligand, or both is susceptible to reversible alterations We used photo-unbinding to assess mobility of synthat dramatically decrease the affinity of the ligand for the aptic and extrasynaptic AChRs in ␣-dystrobrevin Ϫ/Ϫ receptor. Fluorescence excitation, like temperature, can muscle. To measure synaptic mobility, muscles were alter the physical properties of molecules, and we hylabeled with green ␣-btx (Alexa 488 ␣-btx), then a small pothesize that excitation causes conformational changes region of the synapse was illuminated and relabeled that allow ligand-receptor complexes to dissociate. Inwith red ␣-btx (Alexa 594 ␣-btx). During the subsequent deed small light-absorbing molecules can be dissoci-9 hr, the red-labeled AChRs spread ‫02ف‬ m into nearby ated from proteins (e.g., retinal from opsin, Wald, 1968), branches of the mutant junction ( Figure 7A ). However, and perhaps the dye (RH414 from the AChR, Bewick and there was negligible migration of AChRs in wild-type Betz, 1994). Moreover, light can break covalent bonds in junctions over the same interval ( Figure 7B ). These obclassic photo-dissociation (Turro, 1991) . It is possible servations argue that synaptic AChRs are more mobile that photo-unbinding might also apply to other ligandin muscle fibers lacking dystrobrevin than in controls.
target interactions such as avidin-biotin, lectin-glycoTo monitor the migration of extrasynaptic AChRs into protein, and antibodies. We are currently testing this synapses that lack ␣-dystrobrevin, we labeled all AChRs idea. with red ␣-btx, and then removed all red fluorescence Laser light comparable in power to that used here from the synaptic AChRs by laser illumination. We then has been utilized in previous FRAP experiments using quantitated the recovery of fluorescence at the neurorhodamine-␣-btx-tagged AChRs (Axelrod et al., 1976, muscular junction and compensated for immediate re-1978; Stya and Axelrod, 1984; Kuromi et al., 1985) . The binding, as described above (Figures 4A and 4B) . One present results suggest that some of these studies may day after selective labeling of extrasynaptic AChRs, have inadvertently caused unbinding and recovery by 2.8% of the original junctional fluorescence was restored. This is only 47% (2.8/6) the rate of recovery in rebinding. dystrophy but no obvious change in synaptic stability
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